TIHE relationship between oxygen metabolism and psychiatric disorder has been explored by many workers in the past and from several differing points of view. The pioneer observations of Paul Bert, Mosso, Barcroft, Haldane, McFarland, Armstrong, Gellhorn and others have been reviewed by van Liere (1942) and by Hoskins (1946) , the latter considering the symptoms produced by defective oxygen assimilation to be "at least of the same general order" as those of schizophrenia. Mental changes accompanying the anoxia induced by anesthetic agents have similarly been discussed by Lucas (1950) . That there is an intimate connexion between the psychiatric symptomatology appearing in states of anoxia and that observed in syndromes of so-called idiopathic mental disorders seems to be unquestioned. Between the normal personality not so influenced, and the complete unconsciousness or death following the induction of fulminating anoxia, appears to exist a more chronically anoxic borderland wherein may be found many of the representative syndromes of mental disturbance.
"An intimate connexion" we have called this relationship between anoxia and the phenomenology of psychiatric states; it is a connexion so intimate that the induction of the one leads to the appearance of the other, and vice versa. Yet the data in existence for the occurrence of anoxia in cases of mental disturbance have seldom been found on direct examination: they have been in the past in the nature of epiphenomena and as such, if overwhelming in their abundance, only circumstantial in their application. Perhaps the failure of previous investigators to demonstrate an anoxemia in, e.g., constitutional schizophrenia, has been the necessity they have had of employing such relatively timeconsuming techniques on in vitro blood obtained by traumatic arterial punctures from grossly large blood vessels. Oximetric methods are open to none of these objections although they are by no means free from certain other criticisms.
An oximeter is an instrument which will measure, in a matter of a few seconds and with minimal co-operation from the subject, the oxygen saturation of the blood in minute vessels in vivo, without acupuncture and without trauma. All oximeters depend upon the fact that the transmission of light by oxyhwmoglobin differs from its transmission by reduced hemoglobin. This difference is capable of quantitative interpretation and, by standardization, of being expressed in terms of percentage saturation of himoglobin with oxygen.
Two types of oximeter have been used in the investigation reported here. The first employs a principle initially noted by Vierordt in 1878 and rediscovered by Ray in 1946 who developed it into a method for measuring what he termed the "Reduction Time" of the blood of the skin vessels of the dorsum of the hand. Ray's technique has been further modified and, since the main instrument used is a pocket spectroscope, we have called this a method of spectroscopic oximetry. Essentially the method depends upon the fact that the spectroscopic absorption bands of oxyhimoglobin disappear following occlusion of the peripheral circulation in a number of seconds which bears a constant relationship to the oxygen saturation of the blood in the vessels examined. On a large number of healthy subjects, Ray found the mean Reduction Time to be 37*7 seconds and concurrent estimations of the alveolar oxygen tension on the same subjects yielded a correlation coefficient between the two of + 087, indicating a very close relationship between these variables. The modified method used in the present study employed the skin of the finger nail fold "This work was done during the tenure of a Nuffield Foundation Medical Fellowship in London and New York.
MAY-PSYCHIAT. 1 as the site of examination and yielded a mean Reduction Time on 112 healthy subjects of 41 143 seconds, with a Standard Deviation of 8 904-a figure closely approximating to that of Ray. Spectroscopic oximetry is no more disturbing to the patient than is the taking of his blood pressure; estimations occupy less than a minute; they are infinitely reproducible; they have a high reliability and a reasonable validity. The method is discontinuous and applicable to any suitable area of skin.
The second technique employed was that of photo-electric oximetry, using the instrument designed by Millikan in 1942. Here the site of estimation is the blood of the pinna of the ear. Analysis is made continuously, the constant fluctuation in oxyhaemoglobin content of arterial blood in the heat-dilated vessels being picked up by means of a presensitized barrier-type photo-cell energized by a constant current lamp, the whole unit being enclosed in a compact earpiece. The circuit is compensated for different ear thicknesses and the changes in potential are recorded continuously by a galvanometer against a scale from which percentage oxygen saturation can be read directly. Accuracy against arterial puncture and subsequent Van Slyke gasometric analysis has been found to lie within 5% in the range 75-100% oxygen saturation. Individual pre-standardization of the instrument, by flooding the subject's circulation with oxygen, is necessary before the galvanometer reading can be accepted with confidence. A series of 285 simultaneous observations on a number of subjects was made using these two methods of spectroscopic and photo-electric oximetry: they yielded a correlation coefficient of + 0-91 and a convenient regression equation for the calculation of percentage arterial oxygen saturation values from Reduction Time seconds.
The present investigation is based on an oximetric study of 146 healthy control subjects, 75 psychoneurotic patients, 22 patients with character disorders, 26 cases of depression, 87 patients with schizophrenia and 13 patients with various neurological conditions-a total of 369 subjects in all As the results obtained have been analysed statistically and are being reported elsewhere, I shall use protocol illustrations here, such examples being typical of responses within their individual categories.
RESULTS iN HEALTHY CONTROL SUBJECTS
The critical range of arterial saturation levels in health is usually given as lying between 92-93 and 98 % oxygen. Our findings confirm these figures and show them also to hold *over protracted periods of examination. Fig. 1 is an example of the results of continuous oximetry in a healthy subject, fluctuations about the baseline being of the order of 1-2%. Such fluctuations were at first thought to be due to instrumental discrepancies but later situational analysis showed them to be meaningful in terms of variations in awareness and states of tension; in terms, in fact, of constantly fluctuating thresholds of consciousness. This inference is exemplified in Fig. 2 this time following a heavy midday meal. He felt tired, his attention began to wander, he fell into a brown study and allowed his imagination to run riot. The reverie merged into a state of light sleep (02 = 89-90%) from which sudden awakening ensued as a colleague burst into the room and commenced an animated conversation (O0 = 94-97%Y.). An oximetric study of natural nocturnal sleep in a group of 12 subjects (Lovett Doust and Schneider, 1951) revealed the same tendencies, oxygen levels down to 87% saturation being reached in deep sleep.
The oximetric responses to a variety of different stresses were investigated in the control group. Fig. 3 shows the effect of repeated blood-pressure recordings and also that of a period of exercise in which the subject's arms moved against resistance to the point of fatigue. Fig. 4 illustrates the effect of a massive intake of alcohol followed over a prolonged loo-, looAcute time period. The subject of this experiment became very intoxicated, at the height of which he was stuporose. Successive psychiatric examinations during the course of the intoxication revealed that his mental state deteriorated in step with the progressive intensity of, and decompensation to, the anoxemia. Although alcohol is usually regarded as an agent evokling the histotoxic type of anoxia, the extreme fluctuations produced in the arterial oxygen saturation levels would seem to suggest additional cardio-respiratory effects of this intoxicant and impairment of the normally rapid homeostatic adjustments. Very similar to the effects of alcohol were the results of a rather heroic experiment designed to assess psychiatrically the effects of anoxic anoxia. Sleep had been noted, as we have said, to be accompanied by oxygen saturation levels around 87% in its deepest plane: Oxygen-nitrogen mixtures were accordingly breathed to depress, under oximetric control, a normal baseline of 94-95 % oxygen down to 86-88 % saturation. We wished to discover, in other words, the psychiatric effects of being awake under the oximetric conditions of deep sleep. Briefly the findings were as follows: Case 1.-Healthy male, aged 35. Afterfive minutes at 85-89% oxygen sat. the subject reported that he felt sleepy; afterfifteen minutes his vision was blurred and he had a frontal headache; after thirty minutes he showed flushing of the face with coldness of the extremities, he was grimacing and laughing inappropriately; after sixty minutes he was complaining of dizziness and feelings of depersonalization; echolalia, rhyming, punning and tangential associations to attempted conversation were noted; after two hours, he showed lability of mood, tension, a phasic " dipping of consciousness" similar to that reported in accidental carbon monoxide poisoning, and babbling, slurred speech; after three hours, euphoria was marked but alternated with periods of extreme anxiety, insight was waning, perceptual data seemed unreal to him, orientation for time became muddled but that for other modalities remained clear; intermittent waxy flexibility, cataplexy and silly laughter were present; after four hours, he reported immense weakness, anergy and fatigue, everything around him appeared "unreal and dream-like", there was a "hissing" in his ears; clinically he showed echopraxia, surly irritability and resentment, projected anxiety and paranoid ideation and there were marked fluctuations in attention and awareness; after six hours, the subject was yawning, complaining that"everything seems remote," "my thoughts don't seem to belong to me", he was catatonically stuporose, negativism and perseveration were marked and affect and empathy grossly diminished. That night the subject slept fitfully, his baseline oxygen saturation levels the following day running around 91-93 % and accompanying a sense of great fatigue to minimal effort but the third day he was himself again and had regained his former saturation baseline of 94-95 % oxygen.
PSYCHONEUROSIS
In contrast to the negligible baseline fluctuations noted in continuous oximetry in healthy subjects under the impact of minor stress, neurotics showed wide variations in their responses. Fig. 5 is the record of a young law student suffering from a chronic anxiety state for which SCmZOPHRENIA A cross-sectional oximetric study of "constitutional" schizophrenic patients demonstrated an anoxemia consistently below 92% to be characteristic of cases of dementia prncox simplex, catatonic schizophrenia and hebephrenia. Furthermore, neither age nor sex, duration of illness nor diagnostic subtype appeared to play any part in their oximetric differentiation. Fig. 6 illustrates the result of a psychiatric interview with a florid hebephrenic and Fig. 7 a similar interview with a paranoid schizophrenic. Both patients showed reasonable empathy and rapport after oxygen inhalation while the oxygen saturation levels were relatively normal, but schizophreniform phenomena became increasingly prominent as the baseline anoxia appeared. The interview with the hebephrenic is briefly outlined below: concomitance of intensity of anoxia and extent of personality fragmentation is particularly well shown (Fig. 6, Case 3) .
Case 3.-Male, aged 23. At 93% oxygen, he was saying: "I am in Hospital for help." At 88% oxygen, he was producing word salads, rhyming, punning, with thought blocking and neologisms: "I am two years post-mature, but one must fight to keep alive. Unless it is quoted on paper. Am I right? Its a girl. In '.metaphoca'. I was going to be a girl but my mother was the U.S. Army. I, 'eye'. I never wanted to kill him." At 87% oxygen: "I saw a'thurblack', a shadow cast. There's a new language, shall I cancel the spell? But for'4' focus. 34. Interview stress was sufficient to unmask a Note progressive fall in oxygen levels to a base-consistent anoxemia after fifteen minutes. line of approx. 86 % and concurrence of the two oximetric methods (Case 3). Fig. 8 records a similar response oximetrically in a destructive and unpredictable schizophrenic patient and contrasts with it the effect of deep insulin coma therapy. Concomitantly with the improved blood oxygen saturation levels, the patient showed a marked change in his mental state emphasizing physical complaints and speaking of hallucinatory experiences in the past tense. 
DISCUSSION AND CONCLUSIONS
It obviously cannot be maintained that these results directly represent oxygen saturation levels in cerebral vessels since they were obtained peripherally. They do, however, suggest that organismic effects are occurring both from the concordance of values in the two widely separated sites of examination and from the mental changes accompanying the oximetric fluctuations. It is a task for the future to apply suitably modified oximetric techniques to the study ofthe blood in vessels, perhaps, of the exposed brain during neurological operations.
What would appear to emerge, from the use of oximetric techniques, is that a common factor runs like a thread through the constantly fluctuating patterns of awareness seen in normal life; in the ever present minor stresses which make up day-to-day existence; in the prototypes of major stress demands and the response of our homeostatic mechanisms to those demands; in the periodicities like sleep which impinge in phasic fashion on our individual pattern of consciousness. This common factor, or thread, is the organism's unique efforts to maintain a level of arterial blood oxygen saturation which represents for him an adequate balance of normal functioning potential and at the same time lies within the critical range of his brother's normal needs.
We would also suggest that an individual's relative success in the maintenance of such a homeostatic equilibrium with respect to oxygen saturation levels is a function as much as anything of the emotional stability his personality represents-emotionally unstable individuals, such as those with psychoneurosis, being unable to maintain the same sort of relatively stable baseline in the face of life situational stress and responding with wide swings well outside the critical range of functional normality.
Finally we have seen that schizophrenic individuals who, for one reason or another, have more or less permanently been unable to sustain blood-oxygen saturation levels consistent with the normal range of consciousness, represent a pattern of awareness very similar to that experienced during life at high altitudes or under any other condition of defective oxygen assimilation. Many such patients, by voluntary empathic effort, can initially give the appearance of relatively normal awareness but the pall of anoxia soon falls on this, their arterial oxygen drops to the levels of sleep and their mental state conforms once more to Jung's remark about the schizophrenic-that he is a "dreamer in a world awake". And we have seen how the schizophrenic process may be reversed by insulin coma; we might have added that such apparent reversal only occurs, in our experience, when the delayed effect of this coma is to raise the oxygen saturation levels. Consciousness at one level or another is a dimension of life for the human personality and to the deviations from its thresholds can be attributed much of the phenomenology we see in psychiatry. If emotional tension be created by aconflict of desires denied expression, awareness falls away and a reality potential tends to be replaced by one of phantasy. But at the same time that consciousness is dimmed, anoxia appears; conversely, when empathy and attention raise the thresholds of anoxia, conscious awareness increases and the oxygen saturation levels parallel its rise. And aside from all this is the significant fact that, with the induction of experimental anoxic anoxia and in step with the consequent fall in arterial oxygen saturation, there follows the sequence of diminishing awareness, uprising of emotional tension and instability, effective lability and that fragmented, chaotic, irresponsible, dream-like pattern of consciousness which is schizophreniform in quality when wakefulness is forced upon him who experiences it, yet whose alter ego is natural sleep.
"Consciousness", says Schroedinger in echoing the Orientals, "is a singular of which the plural is unknown". It would appear to me that the arterial oxygen saturation levels of the blood are merely a series of different aspects of consciousness, another way of looking at the same thinor
